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Introduction
The popularity of wildlife tourism (WT) has been growing in recent decades (e.g., Giannecchini, 1993; Ballantyne et al., 2009; Knight, 2009 ) and its importance has become more salient in economic terms (e.g., Orams, 2002) . The task of the present paper is to outline a formalised qualitative model (FQM) of certain environmental consequences of WT.
WT is an interdisciplinary and multidimensional problem (e.g., Reynolds, Braithwaite, 2001; Semeniuk et al., 2010; Catlin et al., 2011) . Some of the factors pertaining to WT and/ or their impact are ill-known (e.g., Rodger et al., 2009) ; there is information shortage. Information shortage can be eliminated by additional information sources including additional measurements, which are usually time consuming and costly, or by the utilisation of such information items, that is, qualitative data, which cannot be easily treated by conventional formal tools, but can be treated by qualitative modelling. Vol. 34, No. 3, p. 260-267, 2015 DOI:10.1515 /eko-2015 FQMs capture relationships among variables in the form of degraded (simplified) equations and statistical relations and/or in the form of common-sense heuristics (e.g., if X goes up, Y goes down with increasing rapidity). Qualitative methodology (e.g., Kuipers, 1989; Dohnal, 1991; Trave-Massuyes et al., 2003) has been used in some form to model, for example, complex engineering systems (e.g., Hurme et al., 1993) , investment decisions and economic problems (e.g., Benaroch, Dhar, 1995; Bohanec et al., 1995; Hinkkanen et al., 2003) , various chaotic systems (Vícha, Dohnal, 2008a,b) and also problems related to ecology and environment (Salles et al., 2006a,b; Noble et al., 2009 ). See Bourseau et al. (1995) , De Jong (2004) and Price et al. (2006) for an overview.
Note that qualitative modelling can be seen as one of the 'uncertainty calculi' , such as fuzzy sets (e.g., Dubois, Prade, 1991; Oblak, Zadnik Stirn, 2000; Van Broekhoven et al., 2006) , rough sets (e.g., Pawlak, 1982) and order of magnitude reasoning (e.g., Raiman, 1991) . Qualitative models capture the fundamental features of a system under study, while eliminating quantitative detail; see, for example, Kuipers (1989) . Qualitative models can minimise or completely eliminate problems related to the identification of constants in conventional sets of equations, if qualitative results are acceptable; see, for example, Keesman (2011).
Methods

Qualitative models
There are only three qualitative values: positive, zero and negative. The symbols used are +, 0 and -, respectively. A qualitative scenario of a qualitative model is specified if all its n qualitative variables X  (X 1 , X 2 , …, X n ) are described by the qualitative triplets (X, DX, DDX), where DX and DDX are the first qualitative and second qualitative derivatives with respect to time (or an independent variable in general). Let us suppose that the triplet (++0)  (T, DT, DDT) represents WT popularity P(t) as a function of time: it means that the popularity is positive (P = +), it is increasing in this example (DP = +) and the increase is linear (DDP = 0) as the second derivative is zero.
A typical example of a qualitative knowledge item can be formalised by a certain simple relation between two variables X and Y. For example:
If the price X of a product is decreasing then the demand Y is increasing.
(
If the price X of a product is increasing then the demand Y is decreasing. However, the demand Y cannot decrease infinitely; it means that a certain positive quantitatively unknown lower limit exists.
A formal interpretation of the qualitative knowledge items (1) and (2) is DY/DX = -[see (1)] and DDY/DDX = + [see (2)], where DY/DX is the first qualitative derivative with respect to X and DDY/DDX is the second derivative.
Typical examples of qualitative relations are given in Fig. 1 .
The identification numbers given in Fig. 1 are shape codes for the respective qualitative shapes; for example, 21 is a code number for the function characterised by a positive value of Y and positive first and second qualitative derivatives of Y with respect to X (triplet +++).
If the second derivative is not known then there are two variants of qualitative proportionality: M_+ If X is increasing then Y is increasing.
If X is decreasing then Y is decreasing.
If X is decreasing then Y is increasing. For more details, see, for example, Kuipers (1989) , Dohnal (1991) , Trave-Massuyes et al. (2003) .
(2)
Qualitative vector optimisation
It is not the goal of this paper to study the algorithm how to solve qualitative models, that is, how the software selects/rejects scenarios, so we will not go into much detail here. It is a combinatorial problem. The most trivial algorithm is based on systematic confrontation of all possible n-dimensional triplets (e.g., ++-, ++0, +0+) for each variable and the model itself. This type of solution is called brutal force in artificial intelligence. For more details, see, for example, Parsons, Dohnal (1995) , Trave-Massuyes et al. (2003) and Vícha, Dohnal (2008a,b) .
Let us suppose that there are two independent variables X 1 , X 2 and two objective functions Q 1 , Q 2 . For example, the first objective function is Profit and the second is Safety. We want both objective functions to be maximised.
There is a vector F of constraints represented by a set of equationless relations:
Let us presuppose that qualitative model (4) has the following set of three solutions (scenarios):
Since we want Q 1 and Q 2 to be maximised, the first qualitative solution [see (5) -scenario no. 1] is highly undesirable, because both objective functions decrease if independent variables X 1 and X 2 follow the qualitative pattern given in scenario no. 1 in (5).
If there were a set of scenarios that contain, for example, the following solution X 1 X 2 Q 1 Q 2 ++-+-0 +++ +++ (6) then scenario (6) would be highly desirable because this scenario maximises both objective functions in the best possible way, that is, both second derivatives are positive.
results and discussion
WT can be characterised by the following set (7) of 10 variables: 9 independent variables and 1 objective function. Set (7) is partially adapted from Reynolds and Braithwaite (2001) .
Objective function: BIO Biodiversity
Independent variables:
TOU Level of wildlife tourism HAB Animals' habituation to tourists -see, for example, Orams (2002) , Knight (2009) and Higham, Shelton (2011) . The list of variables is still relatively short to keep the complexity of the model appropriate for publication. However, other variables of interest could be easily included into the FQM.
Qualitative model of WT environmental consequences
The following set (8) of pairwise qualitative relations is used to formalise relations among the set of variables (7). The set of interrelations is inspired by many dialogues with a team of experts and by Reynolds, Braithwaite (2001) , Catlin et al. (2011) and the studies quoted above in (7).
The qualitative model is represented by the following set of relations (see Fig. 1 for the qualitative shapes): Shape X Y (see Fig. 1 
Scenarios
The set of 15 scenarios -see Table 1 -is generated using software described in Vícha and Dohnal (2008a,b) . Different qualitative problems can be easily solved using the set of scenarios that represent a complete description of all possible behaviours within the modelled system.
T a b l e 1. Wildlife tourism scenarios.
Scenario
Variables [see (7) All variables (7) are positive because of their very nature. Therefore the first values in all triplets (in Table 1 ) are always equal to +. For example, scenario 8 is a steady state situation. All the first and second derivatives are zeros. Therefore nothing happens; there are no changes in time.
Scenarios 1−2 indicate that BIO increases more and more quickly as a function of time, while, for example, TOU and HAB go down. Scenarios 13−15 give the opposite. There are, however, some differences in the precise character of the increase/decline of the variables with respect to the second derivatives. For example, in scenario 2, TOU declines more and more quickly (TOU is characterised by triplet +--in scenario 2), whereas in scenario 1 TOU declines with a decreasing rapidity (TOU is characterised by triplet +-+ in scenario 1).
The scenarios obtained could be interpreted according to the qualitative vector optimisation method described in section Qualitative vector optimisation. The nature of the objective function (BIO) probably requires maximisation; hence, there are six relatively favourable scenarios, that is, scenarios 1−6 and six relatively undesirable ones, scenarios 10−15.
We can say that the present model is well specified by the interrelations given in (8), which causes it to be quite restrictive, that is, there is relatively little variability in the scenarios obtained. If less input knowledge [such as (8)] were available, the model would be less well specified and consequently less restrictive, and more variability would be encountered in the scenarios obtained (e.g., certain variables would be linked to certain other variables positively in a given subset of scenarios and negatively in another subset). For example, when only every other interrelation (i.e., 1, 3, 5, …, 19) given in (8) was entered in the model, we obtained 125 possible scenarios. Relatively less restrictive models will be generated when more uncertain and/or more ambiguous determinants of WT are included in them.
Different modifications of the current FQM might be needed, because WT effects are often difficult to assess, ambiguous and location-or species-specific. For example, although the presence of tourists often lowers animals' reproductive success (e.g., Yorio et al., 2001; Lusseau, 2003; Ballantyne et al., 2009) , it can also facilitate animals' reproduction in some cases (e.g., Boutin, 1990; Svensson, Nilsson, 1995) . The changes caused by tourists need not always be negative (e.g., Wilson, Tisdell, 2001; Orams, 2002; Tisdell, Wilson, 2002) .
The present model is also still quite simple. For instance, not only the number of tourists, but also their characteristics, wants and needs could be included in prospective FQMs of WT (see, e.g., Ballantyne et al., 2009; Semeniuk et al., 2010; Catlin et al., 2011) .
The obvious limitation of FQMs is that qualitative reasoning can answer qualitative queries only (see section Qualitative models), not quantitative ones, and thus can serve just as a supplement to the existing quantitative methods (and/or as a rigorous formalisation of qualitative methods, such as case studies). However, inclusion of mathematical equations into qualitative models is possible; see Dohnal (1992) and Vícha, Dohnal (2008a,b) . Also, it is possible to calculate all possible transitions between the qualitative scenarios (see, e.g., Režňáková et al., 2012) .
Apart from the assessment of WT consequences, FQMs can assist academics and practitioners in modelling WT antecedents (e.g., affordability, popularity, media coverage, word of mouth), as well as in the evaluation of different WT management practices, such as regulatory and educational methods (see, e.g., Orams, 1996; Orams, Hill, 1998; Barančok, Barančoková, 2008; Figueras et al., 2011) .
Conclusion
Qualitative approach has much to offer when highly complex and/or partially vague problems such as WT are examined. In the present study of environmental consequences of WT, we generated an FQM consisting of 15 possible scenarios. The model obtained is definitely not the only possible alternative. Many modifications, upgrades and extensions are possible. The paper presents only methodology and a simple model as a demonstration. FQMs can supplement established tools for WT analysis with very little additional cost. This might be profitable especially under information shortage, measurement difficulties, time pressure to make decisions and/or uncertainty, or when several novel and/or difficult to measure (e.g., qualitative only) variables are being considered.
